The respiratory activity of mouse testis is stimulated by added glucose or fructose. Under both aerobic and anaerobic conditions. glucose is rapidly metabolized with the production of lactic acid. Under the same conditions fructose is utilized to a much less extent and only small amounts of lactic acid are formed. Inorganic phosphate markedly stimulates aerobic and anaerobic glycolysis but inbibits respiration.
I. INTRODUCTION
Over the last fifteen years extensive studies have revealed many details of the metabolism of spermatozoa. However, the metabolic function of the testis, from which these cells originate, has received relatively little attention.
In comparative studies of various mammalian tissues, Dickens and Greville (1932 , 1933a , 1933b showed that glucose was rapidly metabolized by rat testis tissue. Although both glucose and fructose maintained respiratory activity, fructose was only partially converted to lactic acid. The results of Elliott, Greig, and Benoy (1937) showed a high rate of anaerobic glycolysis, and Schuler (1941) found that respiration was dependent on glucose and other substrates. More recently Tepperman, Tepperman, and Dick (1949) indicated that the effect of glucose on the respiration of rat testis was strongly influenced by the age of the animal.
The respiration and glycolysis of spermatozoa and some other tissues are markedly affected by high levels of inorganic phosphate. In general, the respiration of spermatozoa is inhibited and the accumulation of lactic acid increased (Bishop and Salisbury 1955; Salisbury and Nakabayashi 1957; Blackshaw 1960 ).
The present experiments were designed to investigate the metabolic activity of testis tissue from adult mice and to determine itR reRponse to glucose and fructmle in the presence of inorganic phosphate.
II. MATERIALS AND ME'l'HODS
Adult male mice were kept under summer conditions at the time of the experiments. They were killed by a blow on the head and the testes removed. The epididymis and attached fat were dissected away and the testes weighed to the nearest milligram. Each testis was placed in 1 ·0 ml 0 . 154M N aCI until all dissections were completed. Immediately before placing the tissue in the appropriate diluent the testis was bisected and the tubules teased out.
The testes were suspended in 2·0 ml of the medium contained in Thunberg tubes for the anaerobic experiments, and standard Warburg flasks for the aerobic 
experiments. To obtain anaerobic conditions, the Thunberg tubes were evacuated for 10 min with a water-pump and then flushed with N 2 . In the aerobic experiments 
the gas phase was air, and CO2 was absorbed by 20% KOH in the centre well. The incubation temperature was 37°C in both series of tests with a 3-hr incubation period for the anaerobic, and a 2-hr period for the aerobic experiments.
The diluents used throughout were (1) 0·15M NaCI; (2) an isotonic phosphate buffer (pH 7'0) containing 72ml 0'13M Na2HP04.l2H20, and 28ml 0'17M NaH2P04.2H20; and (3) equal volumes of the saline and phosphate solutions. As required, 200 mg/lOO ml of either glucose or fructose or 100 mg/lOO ml of both were added to the media to give a pseudofactorial plan with four sugar combinations and three levels of phosphate. In the anaerobic experiments 0·25 mg/ml of 2,3,5-triphenyltetrazolium chloride was added to each tube.
At the conclusion of each experiment the lactic acid content of each tube or flask was determined by the method of Barker and Summerson (1941) . In the aerobic trials the O2 uptake was meafmred by the direct Warburg method (Umbreit, Burris, and Stauffer 1957) . I Average Sugar The reducing activity of the testis, as indicated by the reduction of the tetrazolium salt to the red insoluble formazan, was estimated by extracting each testis with 10 ml acetone; the optical density of the extract was measured at 485 m,u (Blackshaw 1960) .
In the tables the results for the accumulation of lactic acid and formazan and the uptake of O2 are expressed as ,ug and ,u1/l00 mg/hr. The initial wet weight of the testis was used in these determinations. Analyses of variance were performed on the results and a summary of these is given in Table 5, III. RESULTS The two experimental periods were separated by 9 months and the absolute values for the anaerobic and aerobic series are not directly comparable.
The results for the anaerobic experiments are given in Tables 1 and 2 . The analysis of variance of the lactic acid data in Table 5 showed that phosphate significantly increases its accumulation in a linear fashion and, as anticipated, in the absence of added substrate lactic acid production is severely depressed.
Although some lactic acid appears when fructose alone is present, the amount is only a fraction of that found when glucose is the substrate. A significant interaction between diluents and substrate suggested that the response to phosphate is greater with glucose than with fructose.
The reduction of 2,3,5-triphenyltetrazolium chloride to formazan is not influenced by the presence of glucose or fructose, apparently being dependent on endogenous substrates (Tables 2 and 5 ). However, its reduction is stimulated by phosphate although the complete replacement of sodium chloride hy phosphate does not further increase reduction. The values for O2 uptake and lactic acid accumulation in the aerobic experiments are given in Tables 3 and 4 . Phosphate significantly depresses O2 uptake in a linear fashion but stimulates lactic acid production as before, although the response falls off at higher levels (Table 5 ).
In the absence of sugar there is a low respiration rate (Table 5 ) but both glucose and fructose stimulate respiration to an equal extent. As with anaerobic conditions' glycolysis is depressed in the absence of substrate. Glucose leads to the rapid accumulation of lactic acid while fructose is only partially utilized.
IV. DISCUSSION
The metabolism of the testis has some features in common with brain tissue. Greville (1933a, 1933b) showed that like brain the O2 uptake of the testis is dependent on the presence of sugar or other similar substrate. This was later confirmed by Elliott, Greig, and Benoy (1937) but it is apparent that the age of the animal influences this effect as Tepperman, Tepperman, and Dick (1949) have demonstrated that glucose depresses the O2 uptake of juvenile rat testis. Testis tissue also resembles brain in having a high rate of anaerobic glycolysis but differs from it and other normal tissues as the rate of aerobic glycolysis is also high (Elliott, Greig, and Benoy 1937) .
Although conversion of fructose to lactic acid is very much less than that of . glucose in the testis, the former does maintain respiration in the absence of other substrates. Other tissues do not utilize fructose to as great an extent as the testis under anaerobic conditions, with the exception of the kidney (Dickens and Greville 1932). Even spermatozoa, for which the usual natural substrate is fructose, preferentially metabolize glucose when the two sugars are present together (Vantienhoven et al. 1952) . It is well known that inorganic phosphorus plays an important role in the Embden-Meyerhof glycolytic scheme and it has been shown that phosphate stimulates the accumulation of lactic acid by spermatozoa (Salisbury and Nakabayashi 1957; Blackshaw 1960 ). Similar results have been obtained with mouse testis under aerobic and anaerobic conditions, and with either glucose or fructose as the substrate. On the other hand phosphate greatly inhibits the respiration of spermatozoa (Bishop and Salisbury 1955) and to a lesser extent inhibits that of testis tissue. It has been suggested (Mann and White 1957) that the oxidation of lactic acid is inhibited by phosphate but it has little effect on the activity of sperm lactic dehydrogenase (Blackshaw, unpublished data) and the inhibition probably occurs later in the breakdown. It may be noted that phosphate also inhibits glucose 6-phosphate dehydrogenase, the enzyme catalysing the first reaction of the hexose monophosphate shunt (Teorell 1935; Kravitz and Guarino 1958) . The importance of this pathway in testis metabolism is unknown but in ejaculated spermatozoa a proportion of the carbohydrate utilized may pass through this cycle (Flipse 1956 ) and in testicular spermatozoa this pathway is considerably more important (Wu et aT. 1959) .
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